Cdc42. We first verified that an R66A mutation, when progression, cell polarity, and morphology [1]. As is the made within a wild-type Cdc42 background, blocked the binding of RhoGDI. As shown in Figure 1A , GFPtagged (wild-type) Cdc42 could be precipitated with a
GST-RhoGDI fusion protein after the addition of glutathi-(F28L,R66A) mutant was completely ineffective in binding to RhoGDI (lane 5). However, the Cdc42(F28L,R66A) one-agarose beads to COS-7 cells that transiently expressed wild-type Cdc42, whereas the GFP-Cdc42 protein was as effective as Cdc42(F28L) in binding to Cdc42 targets that contain CRIB (for Cdc42/Rac-inter-(R66A) mutant was not able to bind to GST-RhoGDI. As previously reported, we also found that an activated active binding) domains. An example is shown for the limit Cdc42/Rac binding domain from PAK (GST-PAKform of Cdc42 (the GTPase-defective Cdc42(Q61L) mutant) was able to bind to GST-RhoGDI [3, 11], whereas CRIB), a serine/threonine kinase-target of Cdc42 and Rac (compare lanes 10 and 11 in Figure 1B) . The same the nucleotide-depleted Cdc42(T17N) mutant, which has a high affinity for Dbl and other guanine nucleotide was true when we compared the binding of the Cdc42(F28L) and Cdc42(F28L,R66A) proteins to the limit exchange factors (GEFs) for Cdc42 [12] , showed little detectable binding to RhoGDI.
binding domain of ACK (GST-ACKCRIB), a non-receptor tyrosine kinase that is a specific target for Cdc42 (see We then asked whether the R66A mutation, when made within the background of a constitutively active lanes 7 and 8 in Figure 1B ). We found that, similar to the case for arginine 66 of Cdc42, changing the arginine form of Cdc42, Cdc42(F28L), which allows the spontaneous exchange of GTP for GDP [13] , also blocked RhoGDI residue at position 68 to an alanine eliminated the ability of an activated Cdc42 protein to bind RhoGDI without interactions and/or the binding of activated Cdc42 to its other known target/effectors. We were especially inaffecting its binding to CRIB-motif containing targets such as PAK and ACK (data not shown). terested in these questions because we have shown that Cdc42(F28L) is an extremely valuable mutant for
We next set out to make certain that the RhoGDI binding-defective Cdc42 mutants were able to bind efstudying the cellular responses elicited by activated forms of Cdc42. Unlike GTPase-defective Cdc42 mufectively to full-length versions of these targets. Figure  2A shows that the Cdc42(F28L,R66A) double mutant, tants, which are toxic to NIH 3T3 cells, the Cdc42(F28L) mutant can be stably expressed and gives rise to cellular like the Cdc42(F28L) protein, is able to bind to full-length ACK in cells, whereas wild-type (GDP-bound) Cdc42 transformation [13] . The results presented in Figure 1B (lane 4) show that when HA-tagged Cdc42(F28L) was showed no detectable binding. We have also verified that the tyrosine kinase activity of ACK2 can be fully transiently expressed in COS-7 cells, it was able to bind to a GST-RhoGDI fusion protein, whereas the Cdc42 stimulated by Cdc42(F28L,R66A), as can the serine/thre- We also have observed cell morphology changes that were most apparent when we compared NIH 3T3 fibroblasts expressing Cdc42(F28L) versus the Cdc42 (F28L,R66A) double mutant. In these cases, a Tet-off eukaryotic expression system was used to establish tetracycline-inducible NIH 3T3 cell lines that were trans- We also examined the abilities of these different cell geranyl moiety of Cdc42 [6]. A second activity is that unlike the RabGDIs, which also extract Rab proteins lines to grow in soft agar because this has often been considered to be the most reliable indicator of cellular from membranes but bind with high selectivity to the GDP bound form of the Rabs, the RhoGDI can bind with transformation. As shown in Figures 5C and 5D In the present study, we describe the surprising findto form colonies in soft agar. Taken together, the results presented in Figure 5 strongly suggested that Cdc42-ing that the interaction of activated Cdc42 with RhoGDI is essential for Cdc42-mediated cellular transformation. RhoGDI interactions were in fact essential for Cdc42-mediated cellular transformation.
To our knowledge, this is the first demonstration of a positive (rather than negative) regulatory role for the GDI However, in order to rule out the possibility that the transformation defects exhibited by the Cdc42 (F28L,R66A) in cell growth control. In making these findings, we first took advantage of the X-ray-crystallographic structure double mutant were due to an inability of this activated Cdc42 protein to bind to an as-yet-unidentified target for the Cdc42-RhoGDI complex to generate Cdc42 mutants that were specifically defective in their ability to (which would presumably be essential for transformation), we set out to reduce the levels of endogenous bind the GDI while maintaining their binding affinity for other known targets and regulatory proteins. In particuRhoGDI by using small inhibitory RNA (siRNA) approaches [22] . As shown in Figure 6A , we have been lar, we changed Cdc42 Switch II domain residues (i.e., arginine 66 or 68) that engage an amino terminal helical able to reduce the levels of endogenous RhoGDI by at least 50% (ranging from approximately 50%-75%) upon arm of RhoGDI that is essential for the first step in the Cdc42-RhoGDI interaction. We found that when we ditransfecting fibroblasts with RhoGDI siRNA. This reduction in the levels of endogenous RhoGDI was accomparectly compared the abilities of the constitutively active Cdc42(F28L) mutant and the constitutively active but nied by detectable changes in the morphology of cells expressing the Cdc42 (F28L) mutant (Figure 6B) ; these RhoGDI binding-defective Cdc42(F28L,R66A) to trans- Figure 5C . In each experiment, three duplicate 35 mm plates were counted at three randomly chosen areas.
form NIH 3T3 cells under conditions where these prothe expression of the GDI gave rise to a corresponding reduction in transformation activity. teins were expressed to identical levels, only the Cdc42(F28L) protein was capable of inducing a transHow might RhoGDI contribute to the signaling function of Cdc42 such that Cdc42-RhoGDI interactions are formed phenotype. As further support for the essential role of RhoGDI in Cdc42-mediated cellular transformaessential for Cdc42-mediated transformation? Clearly, the levels and functional activities of this regulatory protion, we used siRNA approaches to show that reducing 
